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one of the one or more features is a semantic feature. One or
more of the forming of the model associated with differences,
the forming of the model of priority and the organizing of the
plurality of processes are implemented on a processor device.
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MANAGING PROCESSES IN A REPOSITORY

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a Continuation of U.S. patent applica-
tion Ser. No. 12/727,640, filed on Mar. 19, 2010, now U.S.
Pat. No. 8,682,909, the disclosure of which is incorporated
herein by reference.

FIELD

The present invention relates generally to managing pro-
cesses in a repository of a computer system and, more par-
ticularly, to organizing the processes according to features or
dimensions used to express differences among the processes
and according to the significance of the features or dimen-
sions.

BACKGROUND

A process generally refers to a description of a set of
coordinated activities associated with a task. An exemplary
process may be associated with the task of providing pur-
chased goods to a customer or the task of billing a customer
for the purchased goods. Other exemplary types of processes
include chemical processes, information technology pro-
cesses, research processes and manufacturing processes.

Processes may describe, for example, plans to meet goals
(e.g., plans expressed in a planning domain definition lan-
guage (PDDL)), specification of functionality in a to-be-built
system (e.g., processes that may be expressed in different
notations), or behavior for performing tasks (e.g., web pro-
cesses).

Once a process is established, the process may be stored,
along with other processes, in a repository of processes in a
computer system. Processes may be stored in order to be
available for implementation. A large number of processes
may be available from a repository of processes. Users may
access the repository in order to obtain or inspect processes
contained therein. Users may access a repository in order to
find processes or characteristics of processes by, for example,
searching the repository with keywords.

SUMMARY

Principles of the invention provide, for example, methods,
apparatus and systems for managing a plurality of processes
in a repository of a computer system.

In accordance with a first aspect of the invention, a method
of managing a plurality of processes in a repository of a
computer system comprises forming a model associated with
differences among the plurality of processes. The model asso-
ciated with differences comprises one or more features for
expressing the differences. The method further comprises
forming a model of priority among the one or more features,
and organizing the plurality of processes according to the
model associated with differences and according to the model
of priority. At least one of the one or more features is a
semantic feature. One or more of the forming of the model
associated with differences, the forming of the model of pri-
ority and the organizing of the plurality of processes are
implemented on a processor device.

In accordance with a second aspect of the invention, a
system for managing a plurality of processes in a repository of
a computer system is provided. The system comprises mod-
ules for implementing the above method.
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In accordance with a third aspect of the invention, appara-
tus for managing a plurality of processes in a repository of a
computer system is provided. The apparatus includes a
memory and a processor coupled to the memory. The appa-
ratus is configured to perform the above method.

In accordance with a fourth aspect of the invention, an
article of manufacture for managing a plurality of processes
in a repository of a computer system is provided. The article
of manufacture comprises a computer readable storage
medium tangibly embodying a computer readable program
code which, when executed, causes a computer to carry out
the above method.

Advantageously, principles of the invention provide, for
example, an in-depth understanding of existing processes,
identification of common processes and common portions of
processes, identification of novel processes and uniqueness
thereof, and determination of process gaps. Principles of the
invention may further provide, for example, efficient reuse of
assets (i.e., processes), better process repository design and
support for user queries.

These and other features, objects and advantages of the
present invention will become apparent from the following
detailed description of illustrative embodiments thereof,
which is to be read in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a diagram of a system for managing
processes of a collection of processes according to an
embodiment of the invention.

FIG. 2 shows a flow diagram of a method of managing
processes of a collection of processes according to an
embodiment of the invention.

FIG. 3A shows an exemplary aggregate-based summary
according to an embodiment of the invention.

FIG. 3B shows an exemplary group-based summary
according to an embodiment of the invention.

FIG. 3C shows an exemplary process variant analysis sum-
mary according to an embodiment of the invention.

FIG. 4 depicts a computer system that may be useful in
implementing one or more aspects and/or elements of the
invention.

DETAILED DESCRIPTION

Principles of the present invention will be described herein
in the context of illustrative embodiments of methods, appa-
ratus and systems for managing (e.g., summarizing) a collec-
tion of processes. It is to be appreciated, however, that the
principles of the present invention are not limited to the spe-
cific apparatus, systems and methods illustratively shown and
described herein. Rather, the principles of the invention are
directed broadly to techniques related to managing and sum-
marizing processes. For this reason, numerous modifications
can be made to the embodiments shown that are within the
scope of the present invention. That is, no limitations with
respect to the specific embodiments described herein are
intended or should be inferred.

Embodiments of the invention provide a user with tools and
methods for efficiently extracting information about pro-
cesses within a collection of processes (e.g., a repository of
processes). The user may be provided with, for example,
insight into the processes, organization of the processes, and
summaries of the processes or groups thereof.

The term “model,” as used herein, generally refers to a
representation of aspects or features of a given system,
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method, entity, condition, circumstance, or the like, which
presents knowledge of that given thing in usable form. Thus,
by way of example, as used herein; a “difference model” is a
representation of differences among a plurality of processes,
and a “significance model” is a representation of priority
among the one or more features.

The terms “syntactic” and “semantic” occur frequently in
linguistics and computer science. In general, syntactic refers
to structure and semantic refers to meaning. With respect to
languages, the terms syntax and syntactic refer to grammati-
cal structure whereas the term semantics refers to the mean-
ing of the vocabulary symbols arranged with that structure. As
used herein, the syntax of a process includes one or more
attributes (e.g., metadata) that describe structure of a process.
Thus, syntactic may refer to one or more attributes (e.g.,
metadata) that describe structure of a process. As used herein,
semantics refers to attributes (e.g., metadata) that describe or
give meaning to a process. Which attributes are syntactic and
what are semantic may depend, for example, on the user or a
usage context. Embodiments of the invention allow distinc-
tion between semantic and syntactic to be specified, but does
not necessarily impose any classification based on process
representation.

Methods and embodiments of the invention automatically
summarize a collection of processes and may provide, for
example, content-based process summaries or information.
Methods of the invention may work on most types of process
content including metadata, syntactic information like activi-
ties, process features interpreted as semantic annotations, and
multi-dimensional textual content. The methods include, for
example, filtering analyses based on significance. The meth-
ods may provide a summary with insights about what a
repository contains at the aggregate level as well as in subsets
(clusters) of processes. The summary may be formed using,
for example, an extensible set of process distance measures.
The methods may be employed on, for example, diverse
collections containing hundreds of processes. The methods,
for example, may provide previously unavailable correct and
valuable information, are computationally efficient and are
scalable and general-purpose. Exemplary methods of the
invention may be applicable to a broad class of process rep-
resentations, provide an ensemble of analyses on content of
processes, allow creation of summaries based on signifi-
cance, not require human intervention, be configurable to use
various input formats and provide novel insights into pro-
cesses and collections of processes.

As used herein, a process refers to a recordable or storable
description of a set of coordinated activities. The coordinated
set of activities may include, for example: definitions of the
inputs, outputs, pre-conditions and post-conditions of the
activities; identifying the actors; identifying data (e.g., data to
be manipulated); identifying dependencies among the activi-
ties; and identifying business policies and metrics that are
needed to manage the activities. Plans (e.g., plans created in
artificial intelligence planning) may describe, for example,
expectations for when a process is implemented in the future
and for a set of activities that make up the process. Business
processes are an exemplary type of processes. A business
process may specify, for example, functionality for a to-be-
built system. Business processes may be presented or
described in different notations, for example, for business
processes, described in the graphical Business Object Model
(BOM) in the Websphere Business Integration (WBI) mod-
eler tool or in the Business Process Modeling Notation
(BPMN), and for information technology processes,
described in Business Process Execution Language for Web
Services (BPEL). Business processes may be presented or

10

15

20

25

30

35

40

45

50

55

60

65

4

described, for example, in a semi-structured format, such as a
business processes presented in SAP Solution Composer
(SC) represented in extensible markup language (XML), orin
an unstructured format, for example, text files following a
template (e.g., Process Definition Documents (PDDs) in SAP
projects). Yet another type of process describes executable
behavior. Workflows represented in BPEL and Web processes
created by a co-scripter tool are exemplary instances of such
processes. Process descriptions are commonly stored in
repositories. Exemplary manifestations of processes include:
(1) intended system characteristics; (ii) usage domain; and
(iii) process content. Examples of intended system character-
istics include expected behavior, intended behavior (specifi-
cation), executable behavior and common functionality
(specification). Examples of usage domains include artificial
intelligence planning, business transformation, business
modeling, co-scripter web scripts and implementation.
Examples of process content include steps, annotations, prod-
ucts, roles, resources, organizations, metrics, data and mes-
sages.

There can be a large number of processes and associated
variants available from different situations (e.g., client
projects). For example, a repository of a computer system
may contain thousands of business processes stored from
projects. It is to be understood that a computer system may
generally include one or more computing devices, which may
or may not be distributed. Methods and techniques of the
invention may determine, for example, characteristics of the
processes that are stored, and/or not-stored, in a given reposi-
tory. Examples of characteristics may include novelty of pro-
cesses, types of processes (e.g., a variant process), classes of
existing processes, and utility of processes (e.g., a high utility
from a new process in a repository).

There are a large number of processes available, both with
and without, the knowledge of their provenance. Examples
are: (i) after a software project is completed, use-cases rep-
resenting important business processes could be accumulated
or stored as assets to be reused in other projects; (ii) an
organization can store workflows and test cases of transac-
tions done in the past; and (iii) when a planner generates plans
in a domain over time, the plans can be accumulated or stored.
One exemplary approach to work with processes is to store
the processes in a repository (e.g., a memory, a file system,
database or commercial asset repository), and provide basic
query support (e.g., browsing or key-words) to retrieve the
processes. A user may obtain little insight from such a reposi-
tory about the stored processes by browsing or plain statistics,
especially when the repository is large and the user has little
experience with the domain from which the processes came.

Consider the processes summarization problem stated as
“summarizing a collection of processes to reveal insights into
content of the processes without human intervention.”

The challenge in solving this processes summarization
problem is to determine what constitutes a good summary and
then to build a general method which can deliver the summary
while handling the diversity of process representations. What
constitutes a good summary may depend on the perspective of
the user. In the established area of text summarization, sum-
maries may be indicative or informative. In the context of
processes, if the user has no purpose in mind, summary needs
may be considered to be indicative and may be provided by
some repositories which report on what is stored in the reposi-
tories. However, most users (e.g., purpose driven users) may
be objective-driven when looking at process repositories and
the users may want an informative approach which works on
the content of the processes.
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Some exemplary purposes may be, for example: (i) finding
high-level concepts in a collection; (ii) finding novel pro-
cesses that share attributes with other processes and/or novel
processes that do not share attributes with other processes;
(iii) helping to resolve noise in a collection; and (iv) finding
insights that matter to the user.

A method of providing information about processes and/or
providing processes summarization according to an embodi-
ment of the invention is a flexible approach that is agnostic to
input representations and works on most, if not substantially
all, available types of process content including, for example,
metadata, syntactic step information, process features inter-
preted as semantic annotations, and multi-dimensional tex-
tual content. The method may be, for example, implemented
in Java. The method may not require all process attributes to
be present and consequently, the method is easy to use with
simple processes (e.g., plans) while sophisticated enough for
complex process representations (e.g., business processes).
Information or a summary produced by the method provides,
for example, insights about what the repository contains at the
aggregate level as well as in subsets (clusters) of processes.
The subsets of processes may be built, for example, using an
extensible set of process distance measures. FIGS. 3A, 3B
and 3C, to be described herein, present exemplary samples of
summary output by the method. The method may be used, for
example, on diverse processes repositories comprising hun-
dreds of processes. The method may provide, for example,
previously unavailable correct and valuable information.

A need for process summarization on common process
types is illustrated by considering exemplary types of pro-
cesses and mechanisms available to work with these exem-
plary types of processes.

A first process type which is business processes. Collec-
tions of business processes are illustrated by one version of a
solution composer tool that lists 620 processes prevalent in 26
industries specifying common business functionalities. The
processes can be implemented, for example, by using pack-
aged middleware and third party products (e.g., databases,
workflow systems and user interfaces). An exemplary process
may comprise description(s) and activity flow(s). XML files
containing information about processes may be considered as
one or more repositories. Any one of the repositories may
contain, for example, hundreds of processes and without
methods of the invention it may not be possible to get sum-
maries of the processes.

A second process type is web (i.e., accessible using the
Internet) processes. Collections of web processes exist. A tool
referred to as a “co-scripter” (available from IBM Corpora-
tion, Armonk, N.Y.) may record web-based processes in
human-readable scripts that can be shared on wikis. As used
herein, a wiki is a website that allows the creation and editing
of any number of interlinked web pages via a web browser
using a simplified markup language or a text editor. Wikis are
typically powered by wild software and are often used, for
example, to create collaborative websites, to power commu-
nity websites, for personal note taking, in corporate intranets,
and in knowledge management systems.

A simple process (sequential script) is shown below. The
simple process may be recorded with co-scripter. The simple
process explains how to find information about Mahatma
Gandhi on the web using a web search and an online or
web-based encyclopedia. The script can be replayed or imple-
mented automatically by anyone using a browser and having
a co-scripter plugin.

The simple process is:

1. go to a specified search web page

2. enter “Mahatma Gandhi” into the search textbox
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. click on the search button
. pause for 20 seconds

5. click on the “Mohandas Karamchand Gandhi-pedia, the

free encyclopedia” link

6. pause for 30 seconds

7. click on the “Gandhi (disambiguation)” link

Much software is web-based and a web process recording
tool can be used to test the software. Consider a scenario
where a web software project has to accomplish three func-
tionalities: F*, the base functionality; F1, which reuses F* for
situation 1 and has additional functionalities (F1 > F*); and
F2, which reuses F* for situation 2 and has additional func-
tionalities (F2> F*). The co-scripter can be used to record
how the software behaved while tested in the two situations
F1 and F2. Like test cases from any other software, the
recorded processes can be collected and later projects may
benefit from their process summarization. A specific delivery
web-based tool, herein named CA, may, for example, deliver
content to consultants involved in packaged application
projects. There is a small but growing repository of at least 25
test cases where the F* is in generic to CA (core CA), F1 is in
CA for a first database management system and F2 is in CA
for a second database management system. Authors can
access the repository of test cases.

Collections of processes are prevalent. A user may want to
perform, for example, the following tasks on a collection of
processes: (i) find aggregate statistics (e.g., the number of
processes in the repository); (ii) query by keywords, wherein
the user has to know the terms on which to search; (iii) query
by facets (i.e., pre-defined metadata to view the content of a
carefully populated repository), wherein the processes have
to be categorized properly with the facets and process content
cannot be dynamically used in the query search; and (iv)
query on XML. Methods of the present invention may pro-
vide, for example, organization and/or summaries of the col-
lection of processes, and query searching that is insensitive to
low-level syntax that has nothing to do with process content.

Methods of the invention may be, for example, generic and
yet have a reasonable summarization behavior without
human intervention. Hence, although modules for imple-
menting the method (e.g., parsers, analyses and distance met-
rics) are configurable, in order to reduce human intervention,
default settings may be used.

FIG. 1 is a diagram of a system 100 for managing (e.g.,
organizing and/or summarizing) a collection of processes
according to an embodiment of the invention. System 100
comprises a process comparator 110, a significance model
121, a difference model 122, a summary generator 141, a
summary repository 142 and an analytics engine 150. The
process comparator 110 comprises a comparator engine 113,
a process distance calculator 112 and a process parser 111.

A process repository 130 is coupled to the process com-
parator 110, specifically to the process parser 111, and pro-
vides processes stored in the process repository 130 to the
process parser 111. The processes are stored or represented in
the process repository 130 in one or more specific formats, for
example, stored or represented in extensible markup lan-
guage (XML) format. The parser 111 parses the processes
from the one or more specific formats, for example, from the
XML representations of the process. It is understood that
parsing, may also known as, for example, syntactic analysis
and may comprise, for example, the process of analyzing text
(e.g., text comprising a sequence of tokens such as words) to
determine grammatical structure of the text with respect to a
given grammar (e.g., a set of rules for forming strings in a
language). Alternately or additionally, parsing may comprise,
for example, analyzing the processes according to rules (e.g.,
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rules according to canonical process specifications) to deter-
mine components of the process.

The process parser 111 may parse according to, for
example, canonical process specifications including, for
example: (i) what are the activities, (ii) containing inputs, (iii)
outputs, (iv) pre-conditions and post-conditions; (v) who are
the actors; (vi) what is the data that is manipulated; (vii) what
are the dependencies among the activities; and (viii) what are
the semantic annotations, including business policies, goals
and metrics that are needed to manage the activities.

Although processes from different domains may come in
different representations, the processes may share a common
high-level semantics of representing a set of coordinated
activities. Methods of the invention are applicable to most, if
not all, process notations that can be parsed into or according
to canonical process specifications. The parser 111 may com-
prises, for example, one or more parser adapters. For every
process type (e.g., processes expressed in PDDL), there may
be a specific parser adapter formed according to a simple
interface to read files of the associated process type and create
process data structures made up of syntactic and semantic
information therein. The choice of what constitutes each of
these categories is process type dependent. By way of
examples only, in a canonical representation, syntactic infor-
mation may include but are not limited to: (i) process steps;
(i1) ordering of process steps; (iii) data artifacts; (iv) business
artifacts (e.g., business resources roles and organizations); (v)
resources and (vi) statistics. By way of examples only, seman-
tic information may include but are not limited to: (i) goals;
(i1) policies; (iii) metrics; (iii) sub-processes and (iv) annota-
tions (e.g., annotations to account for anything else in process
data).

The difference model 122 is coupled to the process com-
parator 110, specifically to the process parser 111, such that
the difference model 122 is provided to the process parser
111. The difference model 122 comprises, defines or other-
wise presents one or more features of processes (e.g., features
or dimensions for expressing differences among processes).
The processes addressed by the difference model 122 may
include, for example, processes stored in the process reposi-
tory 130. The parser 111 may parse the processes according
to, for example, the one or more features of the difference
model 122.

The one or more features of the processes associated with
the difference model 122 may be, for example, syntactic (e.g.,
the structure of the process) or semantic (e.g., what the pro-
cess does). Thus, the difference model features can comprise
syntactic and/or semantic parts of process descriptions. By
way of examples only, syntactic features may include but are
not limited to: (i) process steps; (i1) ordering of process steps;
(iii) data artifacts; (iv) business artifacts (e.g., business
resources roles and organizations); (v) resources and (vi)
statistics. By way of examples only, semantic features may
include but are not limited to: (i) goals; (ii) policies; (iii)
metrics; (iii) sub-processes and (iv) annotations (e.g., seman-
tic annotations to account for anything else in process data).

The process parser 111 is further coupled to the process
distance calculator 112 to provide the parsed components of
the processes to the distance calculator 112. The distance
calculator 112 calculates distances between processes
according to the one or more features. The process distance
calculator 112 is further coupled to the comparator engine
113. Output from the distance calculator 112 comprises inter-
process distances among the processes stored in the process
repository. The output from the distance calculator 112 (e.g.,
the inter-process distances) is provided to the comparator
engine 113.
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The significance model 121 is coupled to the process com-
parator 110, specifically to the comparator engine 113, and
provides to the comparator engine 113 priority among the one
or more features, and/or relative importances of the one or
more features. Thus, the significance model may be, for
example, a model of priority among the one or more features.
The priority or relative importance may be provided by, for
example, a user or an application. The comparator engine 113
may determine significant inter-process distances from the
inter-process distances according to the significance model
121 (e.g., the priority or relative importance of the one or
more features).

The significance model 121, for example, may differenti-
ate results or products of processes from methods of pro-
cesses. The significance model 121, for example, may include
one or more ordering functions that at least partially orders
components of the difference model 122 (e.g., features of
processes, for example, inter-process distances). By way of a
non-limiting example only, the significance model may order
from high to low significance: (i) goals; (ii) sub-processes;
(iii) data model; (iv) control flow and (v) resources, with goals
having the highest significance and control flow having the
lowest significance.

The process comparator 110, specifically the comparator
engine 113, is further coupled to the summary generator 141
and provides output from the comparator engine 113 (e.g., the
significant inter-process distances) to summary generator
141. The summary generator 141 may generates one or more
summaries of the processes. The summary generator 141, for
example, may provide some or all of the significant process
distances among all processes. Alternately or additionally, the
summary generator 141 may cluster the significant process
distances and provide summaries comprising the clusters
and/or related cluster distances.

The summary generator is further coupled to the summary
repository 142 and provides the generated summaries for
storage in the summary repository 142. The summary reposi-
tory 142 may comprise, for example, one or more clustering
of processes that are grouped together based on significant
inter-process distances. For example, a clustering of pro-
cesses may be according to one or more similarities among
the processes of the cluster, or according to one or more
dissimilarities among the processes of the cluster.

The summary repository 142 is further coupled to the ana-
Iytics engine 150. The analytics engine 150 may is operative
to respond to user query on summaries in the summary reposi-
tory 142 and may be implemented, for example, using XML
path language (Xpath). Xpath is a query language for select-
ing nodes (e.g., an abstract basic unit used to build linked data
structures such as trees, linked lists, and computer-based rep-
resentations of graphs) from an XML document. In addition,
XPath may be used to compute values (e.g., strings, numbers,
or Boolean values) from the content of an XML document.

Methods of the invention have been applied to various
categories of business processes, for example, cross-industry
processes that reflect industry neutral processes and industry
specific business processes such as automotive processes and
pharmaceutical processes. Methods of the invention are
capable of producing summaries from processes with missing
data.

It is noted that even as few as five top keywords in each
collection of processes may provide good indicators of a
domain of one or more processes in the collection. For
example, regarding automotive processes, keywords on
vehicle management, after-sales support, extended ware-
housing and logistics, and sequenced manufacturing were
may be found and provided.
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Clusters found using semantic features may correctly iden-
tify processes that are in the same domain. For example,
export control and letter of credit in the cross-Industry
domain. Furthermore, clusters found using syntactic features
may accurately identify process variants that share processes.
In many cases, methods of the invention may show, for
example, that there are very few novel processes in a collec-
tion of processes.

Novelty may be measured, for example, by the percent of
processes without variants. By way of example only, in one
exemplary group of applications, the maximum novelty of
processes varied from 1% to 18% with cross-industry type of
processes having the least novelty. Novelty may depend upon,
for example, the distance measure used.

Methods of the invention have been further applied to web
processes. By way of example only, methods of the invention
were applied to web processes recorded by a co-scripter tool.
All test cases of F1 were correctly grouped. Test cases of F2
were correctly subdivided by three further clusters. Miscel-
laneous test cases were not in any cluster. The summary was
useful in detecting that some of the processes were titled
incorrectly.

Systems and methods of the invention may determine, for
example, the summary of process repositories based on the
content of the process repository.

FIG. 2 shows a flow diagram of a method of managing
(e.g., organizing and/or summarizing) processes of a collec-
tion of processes (e.g., processes in a repository of a computer
system) according to an embodiment of the invention. Sum-
maries of the collection of processes may be formed that may
be based on, for example, content of the processes of the
collection of processes.

Step 210 comprises forming a difference model, for
example, the difference model 122.

Step 220 comprises forming a significance model, for
example, the significance model 121.

Step 230 comprises analyzing processes (e.g., the pro-
cesses stored in the process repository 130) according to the
difference model. Prior to analysis, the processes may be
loaded from a repository, for example, the process repository
130. The analysis may be performed by, for example, the
process comparator 110. The analysis may comprise, for
example, parsing by parser 111 according to one or more
features of the difference model (e.g., the one or more features
of difference model 122). The analysis may further comprise,
for example, calculations of one or more distance measure
among the processes (calculation of process distances) by
process distance calculator 112 (e.g., group analysis). The
distances may be calculated according to the parsing and/or
features associated with the difference model.

Once the processes are parsed (e.g., parsed into canonical
representations according to canonical process specifica-
tions), different types of analyses are possible based on the
information from the parsing (e.g., information in the canoni-
cal representation). Aggregate and group analyses are con-
sidered. Other types of analysis may be added. In step 230,
analyses may be, for example, operative to discover insights
while in step 240, some results may be filtered out. It is noted
that, depending on specific data instances, an analysis may
fail if relevant data is missing.

Aggregate analysis refers to obtaining or determining
aggregate information discovered for the whole or aggregate
collection of processes, for example: (1) number of processes
in the collection; (ii) top-k keywords in the collection, for any
desired number k; and (iii) top-m process steps in the collec-
tion, for any desired number m. The top-k keywords can be
from any aspect of the multi-dimensional information in the

20

25

35

40

45

50

55

60

10

processes of the collection. The top-k keywords have the
potential to reveal unexpected results.

Group Analysis refers to finding or determining one or
more subsets of processes which are common by some mea-
sure (e.g., a distance measure). Subsets formed by group
analysis may provide meaningful insight to a user. For group-
ing processes, clustering algorithms provide a natural unsu-
pervised solution framework; however, the distance function
has to be provided. Clustering algorithms are known in the
art. One or more measures applied to the process content may
be use, for example, grouping with both syntactic and seman-
tic measures on the process content may be used. With mul-
tiple measures, grouping results may be, for example, aggre-
gated (see B. Srivastava and D. Mukherjee, Organizing
Documented Processes, proceedings of the IEEE service
computing conference, pages 25-32, IEEE Computer Soci-
ety, 2009, the disclosure of which is incorporated herein by
reference) or presented with groupings selectively based on
analysis driven significance. One embodiment of the inven-
tion presents groupings selectively based on analysis driven
significance.

Selected clustering algorithm and method of the invention
may, for example, measure distance between processes. It is
noted that there various methods for forming or building
similarity scores. Steps for forming similarity score may
comprise, for example, first finding pairs of similar processes
using comparable (syntactic or semantic) contents of the pro-
cesses and then using pair-wise similarity with standard tran-
sitive closure techniques to build clusters of overall equiva-
lent processes.

Consider examples of distance measures between pro-
cesses using different content structure.

Let 8(Si, Sj)—[0, 1] denote a distance function between a
pair of processes. A value of O represents complete similarity
of processes while 1 represents complete dissimilarity
between processes. To create a distance measure, the basis for
comparison and the method for computation need to be
decided. Exemplary distance measures derived from syntac-
tic and semantic content of the processes are now defined.

Consider Syntactic distance measures. Steps of a process
are commonly considered as syntactic content of the process.
Two measures based on process steps are now defined. 8
#steps is defined on the number of steps in the processes while
J steps is defined on the number of steps common between
two processes. Note that steps can repeat in a process and
hence 9 steps must accommodate repeated steps.

dtsteps=[||Sx#steps—S;x#steps|]/[max(Sx#steps,S;x

#steps)] EQ. 1:
dsteps(S,,S;)=1-[|ls;eS xsteps|+s;eSxsteps][]/[S;x
#steps+S x#steps], EQ. 2:

where s,€S,xsteps and s €S xsteps.

Consider Semantic distance measures. In the canonical
process representation, annotations capture the semantic con-
tent of the process as obtained from the parser. Similar to §
steps, define a measure of semantic similarity on the number
of annotations common between two processes as O anns.

danns(S;,S;)=1-/|ls;Sxanns]|+(|s;eS xanns][]/[S;x
ffanns+S;x#anns],
where s,€S,xanns and s €S xanns.

Step 240 comprises analyzing processes according to the
significance model. For example, the analysis of step 240 may
be performed on the results of the analysis of step 230.
Remembering that the significance model may comprises
priorities or relative significances for each of the one or more
features, the analysis may, for example, comprise ranking,
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grouping or otherwise analyzing the processes according to
the significance model (e.g., according to the priority or rela-
tive importance among the features or differences associated
with the difference model as expressed by the significance
model), for example, as applied to the results of the analysis
performed in step 230. The analysis according to the signifi-
cance model may, for example, filter the results of the analysis
of step 230 according to the priorities or relative importance
among the features. The results of the filtering may be a
portion of the results of the analysis of step 230 according to
the priorities or relative importances as presented by the sig-
nificance model and/or a predetermined threshold. The analy-
sis according to the significance model may, for example,
determine which one or more of the distance measures pro-
duced in the analysis of step 230 are of higher important and
provide these higher importance distance measures while
filtering out the remaining distance measures from the analy-
sis of step 230. Step 240 may be performed by, for example,
the comparator engine 113.

Although much analytics can be done on process content,
the objective of a summary is for the summary to be concise
and relevant to a user. Using the significance model (e.g., the
significance model 121), the user can convey an interest in
differentiating fragments or portions of process content. One
such differentiation may be, for example, the differentiation
between ends of a process (e.g., results or goals of the pro-
cess) and the means to achieve the ends of the process (e.g.,
steps of a process). A high to low partial order of process
content may be used to filter the analyses result from step 230
to provide information to form the summary. The filtering
may be performed by, for example, the comparator engine
113. The significance model may express the significance or
priority of, for example, goals, annotations, data artifacts,
steps and then resources.

Step 250 comprises organizing and/or grouping processes
based on results of the analysis performed in steps 230 and
240. Because the analysis of step 230 is according to the
difference model and the analysis of step 240 is according to
the significance model, step 250 comprises organizing and/or
grouping processes according to the difference model and
according to the significance model. Therefore, step 250 may
comprise, for example, organizing of the plurality of pro-
cesses by arranging the processes of the collection of pro-
cesses according to (1) factors common among two or more of
processes, (ii) one or more distance measures among the
processes and/or (iii) novelty of the processes. The factors
may be, for example, content, attributes, concepts, keyword,
or facets. In the context of arranging processes, as used
herein, arranging means a logical grouping, ordering or sum-
marizing of the processes by which the process may be pre-
sented, interrogated, observed or otherwise used by a user.
Processes may or may not be actually arranged in a physical
sense, for example, an order in which the processes are stored
in a repository.

Step 250 further comprises forming a process summary of
the collection of processes. For example, the summary
reflects or is according to the organizing or the grouping of
processes also performed in step 250. Alternately, the sum-
mary may be according to, for example, the analysis per-
formed in step 230 and/or the analysis performed in step 240
but without the organizing or grouping of processes. The
summary may represent, for example, all of the processes in
the collection of processes or only some of the processes in
the collection of processes. Step 250 may be performed by,
for example, by the summary generator 141. The summary
may be provided in a format the user is interested in. For
example, the summary may be provided in text and/or an
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XML document. Using style-sheets, the output can be con-
verted to other formats. Exemplary summaries are shown in
FIGS. 3A, 3B and 3C described below.

A metric of merit of summaries may be, for example, a
compression ratio, that is, the size of the summary compared
to the size of the original text, and a retention ratio indicating
an amount of process information that is provided by the
summary.

Step 260 comprises storing the process summary produced
in step 250. The process summary may be stored in, for
example, summary repository 142. Note that the process
summary is typically a summary representing may processes.

Step 270 comprises analyzing the stored process summa-
ries. For example, the stored process summaries may be ana-
lyzed according to a query of a user to provide requested
aspects of the summary. The analysis may be performed by,
for example, analytics engine 150 and the results provided to
the user.

FIGS. 3A, 3B and 3C show portions of exemplary summa-
ries generated on a sample collection of 103 business pro-
cesses.

FIG. 3A shows an exemplary aggregate-based summary
300A according to an embodiment of the invention. The
exemplary aggregate-based summary 300A comprises a
timestamp 311, a list of top non-step phrases 312, process
statistics 313 and list of top step names 314. The phrases in the
top non-step phrases 312 may be considered to be keywords.
The process statistics 313 and the steps listed in the list of top
step names 314 are considered process related.

FIG. 3B shows an exemplary group-based summary 3008
according to an embodiment of the invention. The exemplary
group-based summary 300B comprises a timestamp 321,
name of a comparator engine 322 used (e.g., the name of
comparator engine 113), cluster statistics 323, and cluster
information 324 including identifications (ID numbers). In
this example, the clusters listed are semantic clusters.

FIG. 3C shows an exemplary process variant analysis sum-
mary 300C according to an embodiment of the invention. The
exemplary process variant analysis summary 300C com-
prises a name of the comparator engine 332 used (e.g., the
name of comparator engine 113), the threshold setting 335 of
the comparator, cluster statistics 333, and cluster information
334 including identifications (ID numbers). In this example,
the clusters listed are syntactic clusters.

Methods, systems and apparatus of the invention are usable
or adaptable for use on processes in various or multiple for-
mats. By way of example only, a process normalizing module
may convert a particular process format (i.e., a format that a
process is expressed in) to a standard format or a normalized
format. A process normalizing module may comprise, for
example, software or software and hardware to perform the
instructions of the software. Various process formats may be
converted to the standard format by respective process nor-
malizing modules. One or more process normalizing modules
may convert the respective one or more process formats prior
to, for example, operations of the process comparator 110. In
this example, the one or more process normalizing modules
are coupled to the process repository 130 and to the process
comparator 110.

Advantageously, methods of the invention may reduce the
time required to fulfill user queries. The summary repository
142 may be, for example, built off-line (i.e., built prior to user
queries). Furthermore, adding processes to the repository and
at least a portion of updating the organization of processes
and process summaries may be done, for example, off-line.
For example, analysis according to the difference model may
be performed off-line while analysis according to the signifi-
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cance model may be performed in response to a user query,
for example, a user query containing information to build a
significance model specific to the query. In this example, the
significance model is formed in response to and in accordance
to the query.

In specific embodiments of the invention, information for
forming the difference model and/or the significance model is
provided by a user. The information may be contained within
a query and be specific to that query or may be associated with
a specific user and/or a plurality of queries from a specific
user.

As will be appreciated by one skilled in the art, aspects of
the present invention may be embodied as a system, method
or computer program product. Accordingly, aspects of the
present invention may take the form of an entirely hardware
embodiment, an entirely software embodiment (including
firmware, resident software, micro-code, etc.) or an embodi-
ment combining software and hardware aspects that may all
generally be referred to herein as a “circuit,” “module” or
“system.” Furthermore, aspects of the present invention may
take the form of a computer program product embodied in one
or more computer readable medium(s) having computer read-
able program code embodied thereon.

Any combination of one or more computer readable medi-
um(s) may be utilized. The computer readable medium may
be a computer readable signal medium or a computer read-
able storage medium. A computer readable storage medium
may be, for example, but not limited to, an electronic, mag-
netic, optical, electromagnetic, infrared, or semiconductor
system, apparatus, or device, or any suitable combination of
the foregoing. More specific examples (a non-exhaustive list)
of the computer readable storage medium would include the
following: an electrical connection having one or more wires,
a portable computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash
memory), an optical fiber, a portable compact disc read-only
memory (CD-ROM), an optical storage device, a magnetic
storage device, or any suitable combination of the foregoing.
In the context of this document, a computer readable storage
medium may be any tangible medium that can contain, or
store a program for use by or in connection with an instruction
execution system, apparatus, or device.

A computer readable signal medium may include a propa-
gated data signal with computer readable program code
embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-mag-
netic, optical, or any suitable combination thereof. A com-
puter readable signal medium may be any computer readable
medium that is not a computer readable storage medium and
that can communicate, propagate, or transport a program for
use by or in connection with an instruction execution system,
apparatus, or device.

Program code embodied on a computer readable medium
may be transmitted using any appropriate medium, including
but not limited to wireless, wireline, optical fiber cable, RF,
etc., or any suitable combination of the foregoing.

Computer program code for carrying out operations for
aspects of the present invention may be written in any com-
bination of one or more programming languages, including
an object oriented programming language such as Java,
Smalltalk, C++ or the like and conventional procedural pro-
gramming languages, such as the “C” programming language
or similar programming languages. The program code may
execute entirely on the user’s computer, partly on the user’s
computer, as a stand-alone software package, partly on the
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user’s computer and partly on a remote computer or entirely
on the remote computer or server. In the latter scenario, the
remote computer may be connected to the user’s computer
through any type of network, including a local area network
(LAN) or a wide area network (WAN), or the connection may
be made to an external computer (for example, through the
Internet using an Internet Service Provider).

Aspects of the present invention are described herein with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations and/
or block diagrams, and combinations of blocks in the flow-
chart illustrations and/or block diagrams, can be imple-
mented by computer program instructions. These computer
program instructions may be provided to a processor of a
general purpose computer, special purpose computer, or other
programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
processor of the computer or other programmable data pro-
cessing apparatus, create means for implementing the func-
tions/acts specified in the flowchart and/or block diagram
block or blocks.

These computer program instructions may also be stored in
a computer readable medium that can direct a computer, other
programmable data processing apparatus, or other devices to
function in a particular manner, such that the instructions
stored in the computer readable medium produce an article of
manufacture including instructions which implement the
function/act specified in the flowchart and/or block diagram
block or blocks.

The computer program instructions may also be loaded
onto a computer, other programmable data processing appa-
ratus, or other devices to cause a series of operational steps to
be performed on the computer, other programmable appara-
tus or other devices to produce a computer implemented
process such that the instructions which execute on the com-
puter or other programmable apparatus provide processes for
implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks.

Referring again to FIGS. 1, 2, 3A, 3B and 3C, the diagrams
in the Figures illustrate the architecture, functionality, and
operation of possible implementations of systems, methods
and computer program products according to various
embodiments of the present invention. In this regard, each
block in a flowchart or a block diagram may represent a
module, segment, or portion of code, which comprises one or
more executable instructions for implementing the specified
logical function(s). It should also be noted that, in some
alternative implementations, the functions noted in the block
may occur out of the order noted in the figures. For example,
two blocks shown in succession may, in fact, be executed
substantially concurrently, or the blocks may sometimes be
executed in the reverse order, depending upon the function-
ality involved. It will also be noted that each block of the
block diagram and/or flowchart illustration, and combina-
tions of blocks in the block diagram and/or flowchart illus-
tration, can be implemented by special purpose hardware-
based systems that perform the specified functions or acts, or
combinations of special purpose hardware and computer
instructions.

Accordingly, techniques of the invention, for example, as
depicted in FIGS. 1, 2, 3A, 3B and 3C, can also include, as
described herein, providing a system, wherein the system
includes distinct modules (e.g., modules comprising soft-
ware, hardware or software and hardware). By way of
example only, the modules may include but are not limited to
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a difference model forming module operative to form the
model associated with the differences among the plurality of
processes, a priority model forming module operative to form
the model of priority among the one or more features, an
organizing module operative to organize the plurality of pro-
cesses according to the model associated with differences and
according to the model of priority, a first analyzing module
operative to analyze the plurality of processes according to
the model associated with the differences among the plurality
of'processes, a second analyzing module operative to analyze
the plurality of processes according to the model of priority, a
summary forming module operative to form a summary of the
plurality of processes according to the organization of the
plurality of processes, a summary storing module operative to
store the summary in a summary repository, and a third ana-
lyzing module operative to analyze the summary according to
aquery of a user. These and other modules may be configured,
for example, to perform the steps of described and illustrated
in the context of FIGS. 1, 2, 3A, 3B and 3C.

One or more embodiments can make use of software run-
ning on a general purpose computer or workstation. With
reference to F1G. 4, such an implementation 400 employs, for
example, a processor 402, a memory 404, and an input/output
interface formed, for example, by a display 406 and a key-
board 408. The term “processor” as used herein is intended to
include any processing device, such as, for example, one that
includes a CPU (central processing unit) and/or other forms
of processing circuitry. Further, the term “processor” may
refer to more than one individual processor. The term
“memory” is intended to include memory associated with a
processor or CPU, such as, for example, RAM (random
access memory), ROM (read only memory), a fixed memory
device (for example, hard drive), a removable memory device
(for example, diskette), a flash memory and the like. In addi-
tion, the phrase “input/output interface” as used herein, is
intended to include, for example, one or more mechanisms for
inputting data to the processing unit (for example, keyboard
or mouse), and one or more mechanisms for providing results
associated with the processing unit (for example, display or
printer). The processor 402, memory 404, and input/output
interface such as display 406 and keyboard 408 can be inter-
connected, for example, via bus 410 as part of a data process-
ing unit 412. Suitable interconnections, for example, via bus
410, can also be provided to a network interface 414, such as
a network card, which can be provided to interface with a
computer network, and to a media interface 416, such as a
diskette or CD-ROM drive, which can be provided to inter-
face with media 418.

A data processing system suitable for storing and/or
executing program code can include at least one processor
402 coupled directly or indirectly to memory elements 404
through a system bus 410. The memory elements can include
local memory employed during actual execution of the pro-
gram code, bulk storage, and cache memories which provide
temporary storage of at least some program code in order to
reduce the number of times code must be retrieved from bulk
storage during execution.

Input/output or /O devices (including but not limited to
keyboard 408, display 406, pointing device, and the like) can
be coupled to the system either directly (such as via bus 410)
or through intervening 1/O controllers (omitted for clarity).

Network adapters such as network interface 414 may also
be coupled to the system to enable the data processing system
to become coupled to other data processing systems or remote
printers or storage devices through intervening private or
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public networks. Modems, cable modem and Ethernet cards
are just a few of the currently available types of network
adapters.

As used herein, including the claims, a “server” includes a
physical data processing system (for example, system 412 as
shown in FIG. 4) running a server program. It will be under-
stood that such a physical server may or may not include a
display and keyboard.

Itis understood that even though specific embodiments and
examples presented herein relate to, for example, the dynamic
pricing of a single resource, embodiments of the invention are
not so limited. Techniques and embodiments of the invention
may, for example, address dynamic pricing for a plurality of
resources.

It will be appreciated and should be understood that the
exemplary embodiments ofthe invention described above can
be implemented in a number of different fashions. Given the
teachings of the invention provided herein, one of ordinary
skill in the related art will be able to contemplate other imple-
mentations of the invention. Indeed, although illustrative
embodiments of the present invention have been described
herein with reference to the accompanying drawings, it is to
be understood that the invention is not limited to those precise
embodiments, and that various other changes and modifica-
tions may be made by one skilled in the art without departing
from the scope or spirit of the invention.

What is claimed is:

1. A method of managing a plurality of processes in a
repository of a computer system, the method comprising:

summarizing a collection of processes stored in the reposi-

tory of the computer system, wherein summarizing

comprises summarizing content included in process

descriptions of the plurality of processes in the reposi-

tory, wherein summarizing comprises:

forming a difference model comprising one or more
features that are used to discern differences between
processes in the collection of processes, wherein the
one or more features include one or more semantic
features that describe what a process does;

forming a priority model that represents a priority
among the one or more features of the difference
model, wherein the priority of a given feature is
indicative of a relative importance of the given feature
in discerning differences between processes in the
collection of processes;

generating a content-based summary of the plurality of
processes in the repository using the difference model
and the priority model, wherein generating a content-
based summary comprises parsing the plurality of
processes into components, using the difference
model to identify parsed components of the plurality
of processes which are associated with the one or
more features of the difference model, computing
distance measures between the identified parsed com-
ponents of the plurality of processes, and processing
the distance measures to generate the content-based
summary; and

organizing the plurality of processes in the repository of a

computer system according to the content-based sum-
mary;

wherein the summarizing, forming, generating, and orga-

nizing steps are implemented by a processor device.

2. The method of claim 1, wherein the one or more seman-
tic features comprise at least one of a goal, a policy, a metric,
a sub-process, and a semantic annotation.

3. The method of claim 1, wherein the one or more features
include a syntactic feature.
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4. The method of claim 1, wherein parsing the plurality of
processes into components is performed according to the one
or more features of the difference model.

5. The method of claim 1, wherein computing distance
measures between the identified parsed components of the
plurality of processes comprises calculating one or more dis-
tances measures associated with differences among the plu-
rality of processes according to the one or more features of the
difference model.

6. The method of claim 5, wherein the one or more distance
measures is calculated according to results from parsing the
plurality of processes according to the one or more features of
the difference model.

7. The method of claim 1, wherein processing the distance
measures to generate the content-based summary comprises
aggregating at least a subset of common processes of the
plurality of processes.

8. The method of claim 7, wherein all processes within any
one subset are similar to one another according to a measure
of similarity.

9. The method of claim 1, wherein generating a content-
based summary of the plurality of processes in the repository
using the difference model and the priority model further
comprises analyzing the plurality of processes according to
the priority model.

10. The method of claim 9, wherein analyzing the plurality
of processes according to the priority model comprises ana-
lyzing the plurality of processes according to the priorities for
each of the one or more features.

11. The method of claim 1, wherein organizing the plural-
ity of processes comprises arranging the plurality of pro-
cesses according to at least one of: (i) factors common among
two or more processes of the plurality of processes; (ii) one or
more distance measures among the plurality of processes; and
(iii) novelty of one or more processes of the plurality of
processes.

12. The method of claim 1, further comprising forming a
summary of the plurality of processes that are organized
according to the content-based summary.

13. The method of claim 12, further comprising storing the
summary in a summary repository.

14. The method of claim 12, further comprising analyzing
the summary according to a query of a user.

15. The method of claim 1, wherein at least one of the
difference model and the priority model are formed according
to information from a user associated with one or more que-
ries from the user.

16. A system for managing a plurality of processes in a
repository of a computer system, the system comprising:

a memory storing program instructions; and

a processor to execute the stored program instructions to
instantiate a plurality of modules, the plurality of mod-
ules comprising:

a process content summarizing module operative to sum-
marize a collection of processes stored in the repository
of the computer system by summarizing content
included in process descriptions of the plurality of pro-
cesses in the repository, wherein the process content
summarizing module comprises:

a difference model forming module operative to form a
difference model comprising one or more features
that are used to discern differences between processes
inthe collection of processes, wherein the one or more
features include one or more semantic features that
describe what a process does;

a priority model forming module operative to form a
priority model that represents a priority among the
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one or more features of the difference model, wherein
the priority of a given feature is indicative of a relative
importance of the given feature in discerning difter-
ences between processes in the collection of pro-
cesses; and

a content-based summary module operative to generate
a content-based summary of the plurality of processes
in the repository using the difference model and the
priority model, wherein the content-based summary
module comprises a first analyzing module operative
to parse the plurality of processes into components, to
use the difference model to identify parsed compo-
nents of the plurality of processes which are associ-
ated with the one or more features of the difference
model, to compute distance measures between the
identified parsed components of the plurality of pro-
cesses, and to process the distance measures to gen-
erate the content-based summary; and

an organizing module operative to organize the plurality of

processes in a repository of a computer system accord-
ing to the content-based summary.

17. The system of claim 16, wherein the plurality of mod-
ules further comprise a summary forming module operative
to form a summary of the plurality of processes that are
organized according to the content-based summary.

18. The system of claim 16, wherein the plurality of mod-
ules further comprise a third analyzing module operative to
analyze the summary according to a query of a user.

19. An article of manufacture for managing a plurality of
processes in a repository of a computer system, the article of
manufacture comprising a non-transitory computer readable
storage medium tangibly embodying computer readable pro-
gram code which, when executed, causes a computer to:

summarize a collection of processes stored in the reposi-

tory of the computer system by summarizing content

included in process descriptions of the plurality of pro-

cesses in the repository, wherein in summarizing pro-

cess content, the computer readable program code

which, when executed, causes the computer to:

form a difference model comprising one or more fea-
tures that are used to discern differences between
processes in the collection of processes, wherein the
one or more features include one or more semantic
features that describe what a process does;

form a priority model that represents a priority among
the one or more features of the difference model,
wherein the priority of a given feature is indicative of
a relative importance of the given feature in discern-
ing differences between processes in the collection of
processes;

generate a content-based summary of the plurality of
processes in the repository using the difference model
and the priority model, wherein a content-based sum-
mary is generated using a process comprising parsing
the plurality of processes into components, using the
difference model to identity parsed components of the
plurality of processes which are associated with the
one or more features of the difference model, com-
puting distance measures between the identified
parsed components of the plurality of processes, and
processing the distance measures to generate the con-
tent-based summary; and

organize the plurality of processes in the repository of a

computer system according to the content-based sum-

mary.
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20. The article of manufacture of claim 19, wherein the one
or more semantic features comprise at least one of a goal, a
policy, a metric, a sub-process, and a semantic annotation.

21. The article of manufacture of claim 19, wherein the one
or more features include a syntactic feature.

22. The article of manufacture of claim 19, wherein parsing
the plurality of processes into components is performed
according to the one or more features of the difference model.

23. The article of manufacture of claim 19, wherein com-
puting distance measures between the identified parsed com-
ponents of the plurality of processes comprises calculating
one or more distances measures associated with differences
among the plurality of processes according to the one or more
features of the difference model.

24. The article of manufacture of claim 19, wherein pro-
cessing the distance measures to generate the content-based
summary comprises aggregating at least a subset of common
processes of the plurality of processes.
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